We have analysed optical spectra of two of the hydrogen-deficient knots (J1 & J3) in the born-again planetary nebula Abell 30, together with UV spectra of knots J3 & J4. We determine electron temperatures in the knots based on several diagnostics. The [O III] nebular-toauroral transition ratio yields temperatures of the order of 17 000 K. The weak temperature dependence of the ratios of helium lines λ4471, λ5876 and λ6678 is used to derive a temperature of 8850 K for knot J3 and 4600 K for knot J1. Ratios of O II recombination lines, which directly measure the temperature in the coldest regions of the knots, are used to derive temperatures of 2500 K for knot J3, and just 500 K for knot J1.
INTRODUCTION
Abell 30 consists of a large (∼ 120 arcsec across) spherical shell of low surface brightness, with several bright clumps of material concentrated within 10 arcsec of the central star. The knots were first discovered by Jacoby (1979) and independently by Hazard et al (1980) , and were found to be extremely hydrogen-deficient. Knots J1 and J3 are collinear with the central star (Borkowski et al 1993) , and according to Jacoby & Chu (1989) are polar knots, while J2 and J4 are in the equatorial plane. An evolutionary scenario to account for the hydrogen-deficient knots was proposed by Iben et al (1983) , who suggested that in some cases, after the central star of a planetary nebula (CSPN) has become a white dwarf it might experience a final thermal pulse. When this happens, most of the hydrogen left in the star is incorporated into the helium-burning shell and burned.
Two long-standing problems in the study of planetary nebulae are a) the discrepancy between ionic abundances measured from optical recombination lines (ORLs) and those measured from collisionally excited lines (CELs); and b) the discrepancy between temperatures measured from the hydrogen Balmer jump and those measured from [O III] forbidden lines. PN ORL abundances are found to be higher than CEL abundances by factors ranging from near unity to over 20 (see for example Liu et al 2000 Liu et al , 2001 , while Balmer jump temperatures are invariably lower than [O III] temperatures. There is strong evidence that these two phenomena are related (Liu 2001 (Liu , 2002 . In the most extreme case, Hf 2-2, ORL abundances are a factor of 80 higher than CEL abundances while TBJ =T [OIII] /10 (Liu 2002) . Several explanations have been offered to explain these discrepancies, including temperature fluctuations (Peimbert 1967) , density fluctuations (Viegas & Clegg 1994) , abundance inhomogeneities (Torres- Peimbert, Peimbert & Peña 1990 ) and the presence of shock-waves (Peimbert, Sarmiento & Fierro 1991) . In a recent study of the planetary nebula NGC 6153, for which ORL abundances are a factor of 10 higher than CEL abundances, Liu et al (2000) suggested that the discrepancy might be caused by the presence of metal-rich knots within the nebula. Empirical two-component models of NGC 6153 were reasonably successful in reproducing the observed ORL and CEL line intensities, and also the observed Balmer jump and [O III] forbidden line temperatures. The posited knots in NGC 6153 would be unseen due to the much higher surface brightness of the main nebula, but could be of similar origin to those in Abell 30. Jacoby & Ford (1983) determined ionic abundances within knots J3 and J4 of Abell 30, including a recombination line abundance for C 2+ /H + from C II λ4267 relative to Hβ. The carbon abundance thus derived was almost half that of hydrogen, far higher than abundances of other heavy elements derived from CELs. They considered this abundance questionable: Barker (1982) had earlier proposed that the λ4267 line in many nebulae might be enhanced by charge transfer, dielectronic recombination, line blending or res-onance fluorescence. Jacoby & Ford also noted that such a huge carbon abundance would make it hard to maintain the high temperatures implied by standard diagnostics. Later analysis of ultraviolet spectra of Abell 30 by Harrington & Feibelman (1984) found that UV carbon CELs were very strong, implying that the carbon abundance is indeed high. Their results suggested the presence of extreme temperature and abundance inhomogeneities within the knots of Abell 30. From the carbon emission line ratios C II λ4267/C III] λ1908 and C III λ4650/C IV λ1549, they found evidence for a much lower temperature in the knot than given by the standard [O III] line ratios, and suggested that the very high abundances of CNO coolants within the knots had given rise to a very cool (∼1000 K) but still ionised core. Then, the ORL emission would come predominantly from the cool core, while the CEL emission would come from the much hotter outer regions of the knot. Guerrero & Manchado (1996) determined CEL abundances within knots J1-4, and found significantly higher helium abundances in the polar knots J1 and J3 than in the equatorial knots J2 and J4. They established the rates of conversion of hydrogen into helium, and found that between 75 and 95 per cent of the original hydrogen has been burned into helium. Oxygen and nitrogen abundances relative to the initial hydrogen abundance were found to be an order of magnitude lower than typical values in PNe.
In this work we present an analysis of long slit optical spectra and HST FOS ultraviolet spectra of knots J1 & J3 of Abell 30. We determine the temperature in the core of the knots directly, from the ratio of oxygen recombination lines, and confirm the existence of cold cores. We determine abundances using both CELs and ORLs for carbon, nitrogen, oxygen and neon and show that the cold cores contain very high abundances of heavy elements. The presence of cold CNO-rich cores in the knots of Abell 30 lends support to the scenario proposed by Liu et al (2000 Liu et al ( , 2001 and Liu (2002) to explain the abundance and temperature discrepancies in planetary nebulae.
SPECTROSCOPIC OBSERVATIONS

Optical spectra
Abell 30 was observed using the double-armed ISIS spectrograph mounted on the 4.2m WHT at the Observatorio del Roque de los Muchachos, on La Palma, Spain, on the night of 20th February 2000. The spectrograph slit was aligned such that the central star and the polar knots J1 and J3 were all observed. The slit width used was 0.82 arcsec, which should have been sufficient to catch all the flux from the knots, which are approximately 0.3 arcsec across (Borkowski et al 1993) . Spectra covering wavelengths from 3400 to 5200Å and 5500 to 7000Å were taken. Data were reduced using standard procedures in the MIDAS 1 package LONG92. They were bias subtracted, flat fielded, wavelength calibrated using a Cu-Ne lamp for the red spectra and a Cu-Ar lamp for the blue spectra. The observations were flux calibrated by comparison with observations of the standard star Feige 34.
Hydrogen emission from the faint surrounding nebula is clearly visible in our long-slit spectra. When measuring hydrogen emission from the knots, the contribution from the outer nebula was subtracted using a spectrum extracted from a region outside the knots covering the same number of rows on the CCD chip as the knots spectra. The measured Hβ flux from the knots was 1.24×10
−16 erg/cm 2 /s for J1 and 1.49×10 −16 erg/cm 2 /s for J3. The contribution from the background for other lines is negligible.
Lines in the spectra of knots J1 & J3 were identified and measured by fitting gaussian profiles. A list of all the lines observed is given in Table 2 . Line fluxes are conventionally normalised to Hβ=100 in nebular studies, but in this case as Hβ is so weak, to avoid large numbers line fluxes are normalised such that I(Hβ)=1.
Ultraviolet spectra
Knots J3 & J4 of Abell 30 were observed by the Faint Object Spectrograph aboard the Hubble Space Telescope on December 8th 1994, as part of GO program 5690, and these observations were obtained by us from the HST archive. Observations were taken using gratings G130H, G190H and G270H, which together cover wavelengths from 1100 to 3300Å. The spectral resolutions are 1Å, 1.47Å and 2.09Å respectively. All observations were taken using a round aperture with diameter 0.86 arcsec, which should have captured all the flux from the knots, based on their dimensions given by Borkowski et al (1993) . Standard pipeline reduction yields FITS files containing a wavelength array and a flux array, and these were combined in MIDAS. Two exposures were taken with each grating, and these were combined, except for G190H on J3, for which there is only one exposure. The observations taken using grating G130H were rebinned by a factor of five to improve the signal to noise ratio, while those using grating G190H were rebinned by a factor of two. Observations using grating G270H were not rebinned. Lines were identified and measured using MIDAS by fitting gaussian profiles. A list of all lines is given in Table 2 . The observed fluxes are given in columns 2 (J3) and 5 (J4), while column 3 gives the fluxes from knot J3 dereddened and normalised to Hβ=1, from the optical spectra.
A strong, broad feature at ∼2140Å which appears in the UV spectra of both knots is probably due to sky emission (Lyons et al 1993) . The [O II] line at λ2470 is also affected by sky emission, being much stronger than would be expected given the O + /H + abundance implied by the λλ3726,3729 optical lines. Greenstein (1980) first noted the unusual extinction towards Abell 30. Instead of the usual 2200Å feature in the extinction curve, increased extinction is seen at 2600Å, and UV extinction is much lower than implied by a standard galactic curve. Greenstein determined an extinction curve by dereddening spectra of the central star to match a black body of 200 000 K. Later, Jeffery (1995) found a similar curve by dereddening to match a model atmosphere with a temperature of 114 000 K. Harrington (1996) followed an approach which avoids the uncertainties of model comparisons, by instead comparing the spectrum of the central star of Abell 30 with a dereddened spectrum of the central star of Abell 78, which has very similar properties to those of A30, but has normal interstellar extinction. Over their common spectral range, Harrington's curve is very similar to that of Greenstein. Greenstein's curve covers visual wavelengths as well as ultraviolet, therefore we use it to deredden both our optical and UV line fluxes.
NEBULAR ANALYSIS
Extinction
Previous studies have suggested that while the spectrum of the central star is reddened, the knots are not (Guerrero & Manchado 1996) . We have measured the extinction in the knots using hydrogen and helium line ratios, and we find that extinction in the knots is comparable to that of the central star. The use of appropriate directly measured temperatures when calculating theoretical line ratios results in consistent determination of c(Hβ) from all the diagnostics used.
The extinction to the central star was determined by dereddening its optical spectrum with the Greenstein extinction curve to match the continuum emission of a black body with a temperature of 10 5 K. c(Hβ) was found from this method to be 0.60, which agrees fairly well with previous determinations. Cohen et al (1977) derived c(Hβ)=0.44, while Jeffery (1995) found Av=1.18 for the central star, which is equivalent to c(Hβ)=0.61.
The extinction to the knots was estimated from I(Hα)/I(Hβ). In our spectra, the He II Pickering series line at λ4860 is resolved from Hβ, but in the lower resolution red spectra, Hα is blended with He II λ6560 emission. This is corrected for using the observed flux of the He II 4686 line -at the temperatures derived from helium lines in the knots (see section 3.2), I(λ6560)=0.13I(λ4686) (Storey and Hummer 1995) . After subtraction of the helium contribution, Hα/Hβ is found to be 5.44 (J1) and 4.13 (J3). The intrinsic Hα/Hβ ratio depends on the temperature, and adopting the electron temperature determined from helium line ratios in the following section, i.e. 4600 K in J1 and 8850 K in J3, gives c(Hβ)=1.02 to J1 and 0.64 to J3. Using the lower temperatures given by O II recombination lines, c(Hβ)=0.60 in J1 and 0.45 in J3.
For J3, the UV observations allow a determination of c(Hβ) from the He II λ1640/λ4686 ratio. The observed value is 3.94, while the predicted value at 8850 K (the temperature derived below from He I lines) is 6.40, giving c(Hβ)=0.55, which agrees well with the value derived from the other diagnostics.
We adopt c(Hβ)=0.60 to deredden the spectra of both knots.
Temperatures and densities
The temperature structure of the knots in A30 has been suggested to be complex. To explain the observed ratios of carbon ORLs to CELs, Harrington and Feibelman (1984) proposed cool, carbonrich cores in the knots. The large abundances of CNO coolants relative to He would result in material which is very cool (∼1000 K) but still highly ionised, as the heat input by photoionisation would be balanced by radiation in the infrared fine-structure lines of the heavy elements. We have used several temperature diagnostics to study the temperature structure of knots J1 & J3.
The electron densities of the knots were measured from the [O II] lines at λλ3726,3729, and found to be 2800 cm −3 and 3200 cm −3 for knots J1 and J3 respectively. Adopting this density, the [O III] (λ4959 + λ5007)/λ4363 ratio gives temperatures of 17 960 K and 16 680 K respectively.
Lines of He I are well observed in our long slit spectra. The ratios of the strong lines at λ4471, λ5876 and λ6678 are moderately dependent on temperature: λ5876/λ4471 varies from ∼2.5 at 20 000 K to ∼3.5 at 5000 K, while λ6678/λ4471 varies from ∼0.6 to ∼0.9 over the same temperature range (Smits 1996) . Collisional excitation from the metastable 2s 3 S level can be important in enhancing the intensities of these lines, and the predicted ratios given in Smits (1996) were corrected for this effect using formulae from Kingdon & Ferland (1995) , which are derived using a 29 state quantal calculation of He I extending to n=5. We use the average of the temperatures implied by these two line ratios to derive temperatures of 4600 K for knot J1 and 8850 K for knot J3. Although the lines are well detected, with fluxes accurate to within 5 per cent, the shallow slope of the temperature dependence of the line ratios means the error on these temperature measurements is of the order of ±2000 K.
Some O II recombination line ratios are temperature-sensitive. For example, the ratio of the lines at λ4649 and λ4089 varies from approximately 2 to 6 between 1000 and 20 000 K (Storey 1994 , Liu et al 1995 . These lines are weak but fairly well detected in our spectra, with errors on the flux of the order of 5 per cent for λ4649 and 20 per cent for λ4089. We use their ratio to derive temperatures of 500 K for J1 and 2100 K for J3. The ratio of the lines at λ4075 and λ4089 varies by a factor of two between 500 K and 20 000 K, and the observed values of this ratio (given in Table 3 ) also imply very low temperatures, of 400 K for J1 and 2800 K for J3. The errors on these values are of the order of ± 2000 K.
The three O II lines at λ4089, λ4075 and λ4649 are the highest J-value quartet transitions from the 3d-4f, 3p-3d and 3s-3p configurations respectively. Their emission can only be produced by recombination from the 2p 2 3 P2 level of O 2+ . Other O II line ratios which are temperature-sensitive include λ4072/λ4089 and λ4414/λ4089. However, the observed values of these ratios imply much higher temperatures, of the order of 5-20 kK. Liu (2002) observes a similar phenomenon for other nebulae, and suggests that one possibility is that the 2p 2 3 P2 level of the O 2+ ion is underpopulated relative to its statistical equilibrium value. Temperatures measured from two lines which both originate via recombination from this level would not be affected, but temperatures measured from two lines which originate via recombinations from different levels would then be unreliable.
The different temperatures derived here from forbidden lines, He I recombination lines and O II recombination lines are exactly what would be expected if the knots contain very cool, CNOrich, ionised cores. Essentially all CEL emission would come from the warmer outer layers, with most of the ORL emission coming from the cooler cores. Helium emission would come from both components if helium is not enriched in the core. Therefore, in the presence of a cold ionised core one would expect to find that T [OIII] >THeI >TOII (Liu 2002) . The derived temperatures follow this relation.
Ionic abundances from CELs
Abundances relative to hydrogen were derived from CELs for ionic species of C, N, O and Ne. The temperature implied by the [O III] nebular to auroral line ratio and the density implied by the [O II] λ3726/λ3729 ratio were adopted for all species in both knots. Transition probabilities and collision strengths were taken from the references listed in Table 5 . The results are given in Table 4 . For species in common, the results agree fairly well with the abundances previously derived for J1 and J3 by Guerrero & Manchado (1996) .
Ionic abundances from ORLs
Because of the strong power-law dependence of recombination line fluxes (∝ T −1 e ), ORL emission is expected to originate almost entirely from the coolest regions of the knots. Temperatures measured from O II recombination lines should be representative of the temperatures of the knot cores, and we therefore derive ORL abundances of heavy elements using temperatures of 500 K for knot J1 and 2500 K for J3, the means of the values derived from I(λ4649)/I(λ4089) and I(λ4075)/I(λ4089). Helium abundances are determined using temperatures of 4600 K for J1 and 8850 K for J3, from the means of the helium temperature diagnostics described in section 3. (-6) tively. The resulting ORL abundances are given in Table 13 , while the abundances for individual ions are discussed below.
He
+ /H + and He 2+ /H + Ionic and total abundances relative to hydrogen derived from helium recombination lines are given in Table 6 . The He + /H + abundance was derived from the λ4471, λ5876 and λ6678 lines, averaged with weights of 1:3:1, roughly proportional to their observed intensity ratios. Effective recombination coefficients were taken from Brocklehurst (1972) . For the three He I lines used, the difference between Brocklehurst's results and the more recent calculations by Smits (1996) is no more than 1.5 per cent. Case A was assumed for the λλ4471,5876 triplet lines, and Case B for the λ6678 singlet line. Contributions due to collisional excitation from the 2s 3 S metastable level were corrected for using formulae from Kingdon & Ferland (1995) . At the low temperatures prevailing in J1, collisional excitation effects are negligible, but in J3 they contribute 2.0, 5.2 and 2.5 per cent of the λ4471, λ5876 and λ6678 line fluxes respectively. The He 2+ /H + abundance was derived from the He II λ4686 line, using effective recombination coefficients from Storey & Hummer (1995) .
Several other He I lines were observed in our spectra, and in Table 7 we compare their observed fluxes relative to that of the λ4471 line to those predicted by Brocklehurst (1972 Liu et al (2000) found that in NGC 6153, the 2s 1 S -np 1 P o series was a factor of 2-3 weaker than predicted, but the expected enhancement of the 2p 1 P o -ns 1 S series was not seen. A similar phenomenon was also found in the galactic bulge PNe M 1-42 and M 2-36 (Liu et al 2001) . The predicted intensities assume Case B, where the He I Lyman series is optically thick, and for the 2s 1 S -np 1 P o lines the predicted intensities relative to He I λ4471 are a factor of 50 lower if Case A is assumed instead, so the observed intensities could be explained by a departure from pure Case B recombination towards case A. Such a departure could arise through the destruction of He I Lyman series photons by dust. The core of Abell 30 is known to be very dusty (Cohen & Barlow 1974 , Harrington 1996 . Another possibility is that Case B is inappropriate simply due to the small physical size and hence low optical depth of the knots.
C
2+ /H + The C 2+ /H + ratio was derived using only the λ4267 line, taking effective recombination coefficients from Davey et al (1999) . Only one other C II line (λ6462) was detected in the spectrum of J3, and no others were seen in J1. The C 2+ /H + abundances thus derived are colossal (Table 8) , nearly half that of hydrogen and several hundred times higher than the value derived from the UV λλ 1906,1909 CELs of C III]. The C 2+ abundance derived from λ4267 is not sensitive to case: the recombination coefficient varies by only 1 per cent between Case A and Case B recombination (Davey et al 1999) To explain the frequently-observed discrepancy between C
2+
abundances derived from λ4267 and the λλ1906,1909 lines, Barker (1982) considered several possible mechanisms for enhancing the λ4267 line, including charge transfer, dielectronic recombination, blending and resonance fluorescence. Jacoby & Ford considered the high carbon abundance they derived for J3 to be questionable in the light of these possibilities, and suggested that it could be too high by a factor of up to 10. The 3d-4f λ4267 line is mainly fed by 4f 2 F o -ng 2 G transitions. The other C II line seen in the spectrum of J3 is the 4f 2 F o6g 2 G λ6462 line. The ratio of this line to λ4267 is predicted by recombination theory (Davey et al 1999) to be 0.104, which is in reasonable agreement with the observed value of 0.089. It would be useful to observe more high-excitation C II lines to further confirm the reliability of abundances based on λ4267, but nonetheless this result indicates that no unknown process in addition to recombination is populating the 4f 2 F o level and leading to an overestimated λ4267 C 2+ /H + abundance ratio. 4f-ng transitions have also been detected in NGC 6153, M 1-42 and M 2-36 (Liu et al 2000 (Liu et al , 2001 , and in each case the observed intensities are in very good agreement with the predictions of recombination theory.
N
2+ /H + Seven N II lines were observed from one or both knots, and the N 2+ /H + ionic abundances derived from them are given in Table 9 . Multiplet V3 recombination coefficients are fairly case-insensitive, with the Case B value being about 20 per cent higher. All the 3d-4f transitions are also case insensitive. Abundances were derived assuming Case A for singlets and Case B for triplets, using the recombination coefficients of Escalante & Victor (1990) . The adopted Table 10 . The effective recombination coefficients used are from Storey (1994) for 3s-3p transitions, and from Liu et al (1995) for 3p-3d and 3d-4f transitions. Case A is assumed for doublets and Case B for quartets. Of the multiplets observed, only V19 and V28 are strongly sensitive to case. The mean O 2+ /H + abundances derived from these multiplets are (0.8±0.2) for J1 and (1.0±0.2) for J3, which are in agreement within the errors with the average values derived from the other 3-3 multiplets, (1.2±0.2) for J1, and (0.9±0.2) for J3. The mean O 2+ /H + abundance ratios derived by averaging with equal weight the values from individual 3-3 multiplets with the co-added 3d-4f values are (1.08±0.19) for J1 and (0.91±0.15) for J3. We adopt these values as the O 2+ /H + recombination line abundance.
Ne
2+ /H + The Ne 2+ /H + abundance ratios presented in Table 11 are derived using the line fluxes of the V1 multiplet, using atomic data from Kisielius et al (1998) . The abundances derived are not casesensitive: the recombination coefficient differs by less than 1 per cent between Case A & Case B.
Higher ionisation species
Several optical recombination lines due to triply ionised species are seen in our spectra, as well as one line (λ4658) due to quadruplyionised carbon. We derive C 3+ /H + ratios from λ4650 (V1) and λ4187 (V18) lines strengths, and the N 3+ /H + ratio from λ4379 (V18). The results are given in Table 12 . Effective recombination coefficients for all three ions were taken from Péquignot et al (1991) . For both knots, we adopt the mean of the two abundances as the C 3+ /H + recombination line abundance. Our adopted ORL ionic abundances for C, N, O and Ne ions are summarised in Table 13 . 
Abundances in knot J4
From CELs observed in the FOS spectra of knot J4, we determined abundances of C 2+ , C 3+ , N + , O 3+ and Ne 3+ relative to helium. We assumed that the temperature, density and He 2+ /He + ratio in this knot were the same as those found for knot J3 (sections 3.2, 3.4.1). Guerrero & Manchado (1996) found that the electron densities in knots J2 & J4 are an order of magnitude lower than those in J3 and J4, but the abundances derived are fairly insensitive to the adopted density, changing by only 10 per cent at most between the two values. The ionic abundances found for knot J4 are a factor of 3-7 higher relative to helium than those found for knot J3 (Table 4), and are shown in Table 14 . This agrees with previous analyses which have shown a chemical segregation between the polar knots and the equatorial ring (Guerrero & Manchado 1996 , Jacoby & Ford 1983 ). 
Total elemental abundances
Total elemental abundances derived from ORLs and CELs are given in Table 15 . They were calculated from the ionic abundances using the ionisation correction scheme of Kingsburgh & Barlow (1994) 
DISCUSSION
Knots with cool, CNO-rich cores
The extremely low temperatures measured from oxygen recombination lines, together with the extremely high heavy element abundances relative to hydrogen, show that the two polar knots J1 and J3 analysed here must contain some very cool but still ionised material. Virtually all the flux from recombination lines would originate in this cool core, while the forbidden line flux would originate in the outer parts of the knot, where the hydrogen-poor material may be mixing with the hydrogen-rich material of the nebula. The very low temperatures in the core of the knots are assumed to result from the strong cooling due to the enhanced heavy elements. Preliminary photoionisation modelling using the current observations data of the knots of Abell 30 has shown that models containing a cool ionised core surrounded by a warmer shell can successfully reproduce most of the observed spectrum, although the abundances required do not correspond closely to those determined empirically (Ercolano et al 2002, in preparation).
C/O and N/O ratios
Previous determinations of PN abundances from both ORLs and CELs have found that the discrepancy factor between ORL and CEL abundances is the same for each element (Liu et al 2000 (Liu et al , 2001 . Thus, C/O and N/O ionic ratios, as long as both ionic abundances are derived from one type of line or the other, should be reliable. For Abell 30's knots the discrepancies are broadly similar for C, N and O, ranging from 2.44 dex to 2.89 dex -factors of 300-700. Neon has rather lower discrepancies, the ORL abundance being higher than the CEL value by a factor of 65 for J1 and 160 for J3. This difference may be caused by the weakness of the lines measured and the small number observed.
An important result is that the C/O ratio in the knots is less than unity, whether derived from ORLs or CELs. The values derived are 0.29 for J1 from CELs, and 0.36 and 0.79 for J3, measured from CELs and ORLs respectively. Cool, ionised knots similar to those described here are proposed to exist in the planetary nebulae NGC 6153, M 1-42 and M 2-36 (Liu et al 2000 (Liu et al , 2001 , and for these nebulae the C/O ratios derived from ORLs are also less than unity, at 0.6, 0.15 and 0.76 respectively, implying that their knots could have a similar origin to those in Abell 30.
Origin of the knots
The common explanation for the knots found in Abell 30 and similar objects is the 'Born Again' scenario, in which the central star of a PN which has reached the white dwarf stage experiences a very late helium flash, causing a further ejection of highly processed material into the old planetary nebula (Iben et al 1983) . Abell 58 is another hydrogen-deficient PN, morphologically quite similar to Abell 30, which contains a hydrogen deficient knot (Guerrero & Manchado 1996) , and in this case the knot was ejected in a novalike explosion in 1916, presumed to be such a late helium flash. There are some difficulties with the born-again scenario, however: the theory predicts that the ejected material will be carbon-rich (Iben et al 1983) , whereas in the case of Abell 30 the C/O ratio is 0.8 for both knots. Borkowski et al (1993) found from their Hubble Space Telescope images that the two polar knots, J1 and J3, are collinear with the central star to within 5 arcmin. Such a degree of collimation is hard to explain in a single-star scenario, and Harrington (1996) suggested that the knots may result from a bipolar jet, suggesting an accretion disk within a binary system. It may be that some hydrogen-deficient PNe are related to classical novae. DQ Her is an old nova whose shell has many properties in common with the knots of Abell 30: it shows strong recombination line emission, and the strength of the Balmer jump implies a temperature of only 500 K (Williams et al 1978) . Abundance determinations from recombination lines by Petitjean et al (1990) show that heavy element abundances in DQ Her's ejecta are very high relative to helium, and its C/O ratio is 0.36.
Implications for other nebulae
Our confirmation that very cold ionised regions can exist within planetary nebulae is very important. For some nebulae showing extreme discrepancies between ORL and CEL abundances, temperatures measured from helium and oxygen recombination lines follow the same patterns seen here (Liu 2002) , and this strongly suggests that cold ionised metal-rich regions also exist in these nebulae, explaining the differences between observed ORL and CEL abundances as well as the different temperatures from different diagnostics. These discrepancies, rather than implying large uncertainties in abundance determinations, may instead reflect the fact that CELs and ORLs sample different parts of a nebula, with very different physical conditions.
